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Abstract 
Cheap chemical approaches: CSD/MOD and MOCVD were used and demonstrated to be feasible in 2G-wire 
production. New reel-to-reel MOCVD pilot system with higher throughput was examined, tuned and used in all 
YBCO depositions as well as for MgO, LMO, YSZ and CeO2 buffer layers fabrication. YBCO deposition process 
was found to be stable either at 10 m/h on 50 m long tapes or at 20 m/h on 100 m long tapes. All-layers-by-MOCVD 
approach allowed to get critical current up to Ic max > 90A/cm-width. On a single CSD-LZO (lanthanum zirconate) 
buffered Ni-alloy tapes 400 nm thick YBCO films with critical current density up to jc max = 1.5 MA/cm2 were 
obtained. On the basis of single CSD-LZO-buffered tapes, some multiple buffer sandwiches were created and 
compared in the same YBCO deposition. The best result was reached on CVD-CeO2/1uCSD-LZO/Ni5W buffer 
oxide system and showed for 650 nm thick YBCO rather stable over 2.5 m length Ic = 80-90 A. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
Worldwide leading companies, like Superpower and AMSC have demonstrated the feasibility of cheap 
chemical methods (MOCVD and CSD/MOD respectively) in 2G-wires production [1, 2]. We come out 
for any efficient cost decrease preserving performance to be attractive to any application. The 
combination of all-layers-by-chemical-methods approach with simplifying of layer architecture and 
cheaper Ni-cube textured tape technology can finally earlier lead to expected commercialization. In this 
work the conjugation of CSD/MOD and MOCVD is considered keeping 100 m long high performing 2G-
wire production in focus as a milestone. The main challenge therefore was the process control to gain 
stable quality over the long time period for very single layer involved. For chemical methods compared to 
physical ones this becomes more sophisticated due to possible variety of chemistry. The CSD/MOD-LZO 
process developed at Zenergy Power was demonstrated to be reliable for 100 m tape lengths >3@. In our 
previous achievements reported >4, 5@ the tapes up to 10 m long were coated, therefore the aim was to 
develop the MOCVD-YBCO process further to be able to coat 100 m buffered-tapes. 
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Nomenclature 
MOCVD/CVD Metal Organic Chemical Vapour Deposition  
CSD/MOD Chemical Solution Deposition / Metallorganic Deposition 
YBCO  YBa2Cu3O7-x 
LZO  La2Zr2O7 
SF  Self Magnetic Field 
2G-Wires Second Generation Superconductive Wires 
Ni5W  Ni-5at.%W-tapes 
Tdep  deposition temperature 
2. All-MOCVD approach 
The detailed information about our reel-to-reel MOCVD technique was published elsewhere >6@. 
Different buffer layer architectures were tested in our group and the comparison of the most developed 
ones is presented on Fig.1. In both cases the first buffer layer is MgO. The XRD pattern expresses the 
main problem we had for LMO template – the a-axis YBCO growth taking place even in thin layers. As it 
is seen, CeO2 template has effectively suppressed the a-axis YBCO growth, however the combination 
CeO2/LMO/MgO was not as successful to our experience. It is worth to point out that in contrast to LMO, 
YSZ grows on MgO with 45° in-plane twist that determines the YBCO in-plane orientation. 
 
 
Figure 1. Comparison of XRD patterns for YBCO deposited on different CVD-buffer layers. 
 
The critical current density mapping for 1 Pm thick YBCO thus obtained is shown on Figure 2. One 
can see the remarkable deviations in a quality, but the extreme value exceeds 0.9 MA/cm2 that actually 
corresponds to Ic, max > 90 A/cm-width. Inhomogeneity is explained quite simple – the Ni-tape surface was 
not optimal. It resulted in changes and even losses of MgO-epitaxy on some places. These conclusions 
have been made one the basis of phi-scans (MgO (220) reflection) obtained, which are not presented here. 
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Figure 2. Inductive jc measurements (CRYOSCAN, 77K, self field) of 1 Pm thick 10 cm long MOCVD-YBCO sample obtained on 
CeO2/YSZ/MgO/Ni5W. 
 
The buffer layer architecture CeO2/YSZ/MgO is considered currently as the most promising to realize 
Ic values as high as 100-150 A/cm-width over the long lengths. Ni-tape surface treatment process is under 
intensive development. 
3. Scale-up of MOCVD system 
According to the scaling-up strategy announced >4@ the new pilot CVD system was launched and the 
technological skills having been transferred within the last year from the lab-system to a larger scale. New 
deposition equipment allows to fabricate buffer layers and YBCO with 5 times higher tape velocity (10-
20 m/h). The YBCO films thus deposited can be 2 times thicker than before due to improved evaporation 
technique and the 100 meter long tapes may be deposited in a reel-to-reel regime (1 day deposition). It is 
not unlikely to expect quality problems and process instability at higher rates. The efforts undertaken 
resulted in a quality rise (Fig. 3, a) and in an acceptable stability for the moment (Fig. 3, b).  
 
         
a.                                                                               b. 
Figure 3. Recent progress in quality (a) and length (b) of YBCO films obtained in a new pilot CVD-system on 1uCSD-LZO 
buffered tapes. Ic values presented (a) were taken from inductive measurements (77K, SF). Diagram (b) shows the YBCO (700 nm 
thick, 10 m/h, one run) quality change over 50 m long tape. 
 
The quality of YBCO films is already absolutely identical to those obtained in the lab-CVD system, so 
the main focus now is to save this quality over the long (>100 m) tapes. Stability deposition test (Fig. 3, 
b) was performed at a tape velocity 10 m/h, which is actually not optimal for YBCO growth but gives 
thicker films in one run. Slower tape movement and thicker film helps to detect better any process 
deflections, for instance, through compositional shifts being detected by EDX analysis, and, moreover – 
to find a reason. The test deposition made has also designed the YBCO deposition at optimal for YBCO 
process tape velocity 20 m/h on 100 m long tapes. To comment the stability itself, it has to be improved. 
The slight increase of jc, max bound with jc, ave decrease over the first 40 m indicates the steady 
compositional shift and, probably, change in a thickness which results in more evident cumulative quality 
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decline. It is worth to say that the reason of compositional shift is already determined and the solution will 
demand only small constructional change. 
4. Modification of CSD-LZO buffered tapes 
Chemical solution deposited LZO is a cost-effective buffer [7] as long as no improvement of the 
substrate texture is needed. As the reel-to-reel CSD-LZO process may not provide single-layered high-
quality films of more than a200 nm thick than any kind of Ni-tape surface defects can cause discontinuity 
of the first LZO layer (Fig. 4). At high temperature crystallization step of CSD processing and during 
subsequent depositions these uniformities lead to undesirable Ni-diffusion and additional chemical 
interactions. Despite the sandwich CVD-YBCO/1uCSD-LZO/Ni5W was already reported >5@ to be able 
to overcome 100 A/cm-width threshold, further improvement is demanded to deal with the special surface 
characteristics intrinsically caused by the tape production process. Different buffer-oxide layers 
additionally to the first single CSD-LZO (a100 nm thick) were made by CSD and/or by CVD and 
compared via YBCO deposition below. 
 
a.                 b.  
Figure 4. Plane view SEM pictures of single CSD-LZO. Pictures (a) represent film‘s discontinuity caused by Si particles 
existing on Ni-RABiTS surface as well as in the volume. Picture (b) reveals tungsten-rich crystals formation top of the 
buffer on over Ni grain boundaries. 
 
A number of CVD-LZO films (50-70 nm thick) of different La/Zr ratio were deposited on top of the 
first LZO buffer layer at 750°C (Table. 1) followed by direct YBCO deposition at 800°C. The molar 
excess presented better corresponds to the vapor composition rather than to the real ratio in the film. All 
YBCO films in spite of clear LZO homoepitaxy appeared to be non-epitaxial, which means preferably 
(103) YBCO reflection on the XRD patterns. 
 
Table 1. LZO films obtained with different La/Zr ratios. 
Top-layer Lattice constant (Å) 
CVD-LZO: 20 mol.% Zr excess 10.69 
CSD-LZO standard template 10.84 
CVD-LZO: La/Zr=1 10.84 
CVD-LZO: 20 mol.% La excess 10.87 
CVD-LZO: 40 mol.% La excess 10.95 
CVD-LZO: 60 mol.% La excess 10.98 
CeO2 5.41 
 
Variation of deposition temperature for LZO (La/Zr=1) in the range of 700-820°C didn’t discover 
improvements. According to the cross-sectional SEM (Fig. 5) the YBCO cannot be grown epitaxially on 
CVD-LZO because of intensive fine roughness of the latter (find bright interlayer below YBCO on Fig. 5, 
b). The problem seems to deal with the surface energy effects affecting the YBCO growing mechanism. 
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Without any more detailed concept existing, we coated different CVD-LZO films with additional CVD-
CeO2 layer (a30 nm thick). Having very similar surface microstructure, but different mismatch to YBCO 
lattice, such a buffer stack resulted in epitaxial YBCO growth and even in some jc improvement 
compared to YBCO/1uLZO. This approach also allowed to determine the optimal La/Zr ratio, which 
turned out to be close to 1, and the optimal LZO deposition temperature appeared to be 800°C. 
 
                          
a.      
 
                           
b.    
Figure 5. Cross-sectional SEM of YBCO deposited on a single CSD-LZO (a) and on CVD-LZO/CSD-LZO (b). 
 
We have realized some other buffer architectures based on the same single CSD-LZO template and 
compared them with the same YBCO deposition. All samples were covered by Ag and examined by 
inductive measurements over the whole lengths (>2 m long each). The overview of results is presented on 
the Table 2. Each CVD-buffer layer deposition process was preliminary optimized on the basis of several 
criteria: further YBCO growth perfection and its superconductive properties; growth perfection (only for 
YSZ), microstructure and the doping (only for CeO2) of the buffer layer itself. So the Tdep for CeO2 was 
varied in the range of 670-780° and found to be the optimal as high as 710°C. CeO2 films were deposited 
being doped by Y, La or Gd and Y was chosen as the best. The YSZ was deposited in the range of 700°C-
800°C and the optimal Tdep was 750°C. 
To comment the results shown in the Table 2, one should note that there is no improvement of Ic with 
the complication of layer architecture. Moreover, single CSD-LZO buffer layer was found to be more 
suitable than the double one (compare 1&3 or 2&3). CSD process doesn’t work appropriate on CVD-
layers (4) – there was no even detectible signal on EBSD patterns over the most length. Best Ic values 
with good homogeneity kept were reached on the CeO2/CSD-1uLZO/Ni5W structure. 
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Table 2. Overview of Ic results came out of the same 650 nm thick YBCO deposited on different buffer layer architectures. 
N Buffer layer architecture Ic (A/cm-width) Comments 
1 CSD-1×LZO/Ni5W 70-90 inhomogenious 
2 CVD-CeO2/CSD-1×LZO/Ni5W 80-95 homogenious 
3 CSD-CeO2/CSD-2×LZO/Ni5W 70-80 homogenious 
4 CSD-CeO2/CVD-YSZ/CSD-1×LZO/Ni5W 15-90 very inhomogenious 
5 CVD-CeO2/CVD-YSZ/CSD-1×LZO/Ni5W 75-90 homogenious 
 
On Fig 6 are the single CSD-LZO buffer and the CVD-CeO2 modified CSD-LZO buffer compared. 
Obviously there is an improvement in homogeneity after CeO2 deposition. Taking into consideration the 
overview results (Table 2) one may establish that this simple buffer structure is the most promising. In 
spite of quite high and stable jc values (1.2-1.4 MA/cm2) corresponding to the Ic measured, the possible 
level reported >8@ for all-chemical-methods approach exceeds 2 MA/cm2. Such a value was reached for 
a350 nm thick CVD-YBCO layers, but we don’t have principle restrictions coming out of our MOCVD 
process up to 1 Pm thicknesses to the moment. In coming up work this value will be enhanced to 1.5 Pm 
thickness, but the key standard to be improved is the template CSD-1uLZO/Ni5W (Fig. 4), so to reach 






Figure 6. Inductive Ic measurements (77K, SF) on 650 nm thick YBCO films obtained on CSD-LZO/Ni5W (a) and on CVD-
CeO2/CSD-LZO/Ni5W (b). 
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The “modification” of 2G-wire architecture means to our understanding not only the performance 
increase but the costs decrease as well. In this work the only available in industrial scale biaxially 
textured Ni5W was used as a substrate. Due to the simplified and large-scaled fabrication route such tapes 
are up to a factor of 100 cheaper than the commercially available ones. The superconductive performance 














a.                                                                                             b. 
 
Figure 7. Ic measurements (77K, SF) of a800 nm thick YBCO film obtained on CSD-CeO2/CSD-2uLZO/cheap Ni5W substrate. Graph 
(a) represents the inductive measurements (TAPESTAR) over the a4 m long tape. The curve (b) represents the direct current 
measurements performed on 385 cm long sample and gives the critical current value Ic = 57 A/cm-width. 
5. Conclusions 
All-MOCVD reel-to-reel approach allowed getting Ic ~ 90 A/cm-width (SF, 77K) on Ni5W cube 
textured tapes. MOCVD-YBCO process was established to coat 50 m long tapes at velocity 10 m/h or 
100 m tape at 20 m/h. Combinations of MOCVD-YBCO and MOCVD/CSD-buffers were tested on 
several meter long tapes and demonstrated critical currents up to 100 A/cm-width (SF, 77 K). Cheap 
chemical techniques CSD/MOD and MOCVD was found to be feasible in use of simplest buffer 
architectures with only one CSD-LZO-coat. Much cheaper cube textured tapes being produced in a large-
scale were successfully tested by all-chemical-deposition approach. 
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